Purpose: Nonsuicidal self-injury (NSSI) is associated with increased risk of suicide attempts. Theories of NSSI assert interpersonal stress as a common risk factor for, and perhaps consequence of, NSSI. Prior research has not examined reciprocal associations between chronic interpersonal stress and NSSI. This study used a multiwave, prospective design to address this gap in a sample of adolescent girls, a group with elevated risk for both chronic interpersonal stress and NSSI. Pubertal development was examined as a moderator of the reciprocal associations. Methods: Adolescent girls (N = 220; ages 12À16, M age = 14.69 years) at heightened risk for NSSI completed a baseline assessment and follow-up assessments over 18 months, divided into two 9-month epochs (Time 1 and 2). Pubertal development was assessed via self-and parent-report. Chronic interpersonal stress was assessed using a semistructured interview at the end of each time period. NSSI was measured using a semistructured clinical interview every 3 months within both time periods to enhance accurate reporting. Results: Path models revealed that chronic romantic stress during Time 1, but not peer or parentÀchild stress, predicted NSSI during Time 2 among girls with more advanced pubertal development. Moreover, NSSI during Time 1 predicted higher levels of chronic romantic and parentÀchild stress during Time 2. Conclusions: Results revealed a reciprocal relationship between chronic romantic stress and engagement in NSSI. Further, this association may be best understood in the context of pubertal development.
This study investigates the longitudinal, reciprocal relationship between chronic interpersonal stress and non-suicidal self-nonjury (NSSI). Results suggest that chronic romantic stress and engagement in NSSI may be most strongly related among those more advanced in pubertal development. Evidence shows that NSSI increases risk for romantic and parentÀchild stress.
Nonsuicidal self-injury (NSSI) is the direct, intentional harm to one's own body performed without the intent to die. Metaanalytic work indicates that pooled lifetime prevalence estimates are around 17% for nonclinical samples and substantially higher (40%À80%) among clinical samples of adolescents [1À3] . Adolescent girls report higher rates of NSSI than boys [4] , and NSSI prospectively predicts suicide attempts [5] . A recent meta-analysis reveals few prospective, multiwave studies of commonly purported risk factors for NSSI, such as interpersonal stress [4] . The present study addresses this gap by examining the reciprocal association between NSSI and chronic interpersonal stress over 18 months.
NSSI is purported to reduce emotional distress triggered by episodic (e.g., fight with friend) or chronic (e.g., low social support) interpersonal stress [6, 7] . However, this association is unlikely to be unidirectional. From a developmental psychopathology perspective, youth not only react to environmental stressors, but engage in behavior that contributes to their social environment [8] . Whereas interpersonal stress may contribute to NSSI engagement, NSSI also may lead to subsequent interpersonal stress. Surprisingly, the reciprocal association between NSSI and interpersonal stressors has not been examined, perhaps because relatively few longitudinal studies of NSSI and its psychosocial correlates exist.
Prior work suggests that chronic and episodic interpersonal stress is associated with NSSI, perhaps especially for girls. Indeed, compared to boys, girls experience more internalizing reactions, such as rumination, subsequent to interpersonal stress [9] . Past cross-sectional work suggests that low social support [10] and peer victimization [11, 12] are associated with NSSI. Longitudinal studies suggest that negative life events [13] and harsh parental discipline [14] predict NSSI. Further, both peer victimization and low friend support distinguished youth drawn from the community with high versus moderate and low-risk trajectories of NSSI over 2 years [15] . Finally, low perceived parent support longitudinally predicts NSSI onset [16] and engagement [14] . Thus, existing evidence supports the link between peer and parentÀchild stress and NSSI.
Fewer studies have examined the role of chronic romantic relationship stress in adolescent NSSI. This is surprising given that nearly 70% of all US adolescents report a romantic relationship by age 17 [17] . These relationships are associated with more distress among girls more than boys [18] , which is linked with mental health problems during adolescence [19] . A recent cross-sectional study demonstrated that high levels of chronic peer and romantic stress were associated with presence of NSSI, but only among those with a genetic vulnerability (short allele 5-HTTLPR gene) [20] . Among adults, victimization [21] and lack of support [22] from romantic partners are associated with NSSI.
Considerable research supports a reciprocal association between psychopathology and interpersonal stress [23] . From a stress-generation perspective, an individual with depression may engage in behaviors (e.g., excessive reassurance seeking) that inadvertently cause additional interpersonal stress [24] . Similarly, an adolescent's engagement in NSSI may be viewed unfavorably by relationship partners who then may distance themselves from the adolescent. Initial evidence from a 6-month prospective study suggests that baseline NSSI predicts stressful interpersonal life events for late adolescent girls [25] . However, Burke and colleagues did not examine the reciprocal association between interpersonal stress and NSSI [5] . From this study it remains unclear if NSSI predicts interpersonal stress over and above previous interpersonal stress.
The reciprocal link between interpersonal stress and NSSI may be especially relevant in the context of advanced pubertal development. Brain development during puberty increases social sensitivity [25, 26] . Simultaneously, the development of reward circuitry outpaces critical frontal control regions resulting in a period of increased risk taking [27] , exacerbated by interpersonal stress [28] . Thus, adolescents who are advanced in pubertal development may be biologically primed to engage in risky behaviors, such as NSSI, as a result of chronic interpersonal stress. Together, prior theory and research suggests that the transactional relationship between NSSI and chronic interpersonal stressors may be moderated by pubertal development.
This study examined multiple domains of girls' chronic interpersonal stress, including stress within peer, family, and romantic relationships, which has been remarkably understudied with respect to NSSI. Addressing limitations in prior work that has predominantly relied on checklist-style stress assessments or perceptions of stress, measures of chronic interpersonal stress were obtained from objectively coded responses to semistructured interviews. To facilitate accurate reporting of NSSI over two 9-month periods, participants completed a semistructured interview of self-injurious thoughts and behaviors every 3 months. It was hypothesized that NSSI and interpersonal stress would be associated reciprocally and that these associations would be strongest among girls with more advanced pubertal development. Given the importance of differentiation among self-injury constructs, and evidence that NSSI [5] and interpersonal stress [29] are associated with suicidal self-injurious thoughts and behaviors, we ran sensitivity models with suicidal ideation as a predictor and covariate to explore the specificity of our findings.
Method

Participants
Participants were 220 females between 12 and 16 years old (M age = 14.69 years, SD = 1.37), with at least one mental health concern (e.g., affective, anxiety, or disruptive behavior disorders or substance use) in the 2 years prior to the study. Participants were born mostly in the United States (92%); 24% identified as African American, 64% as Caucasian, 10% as mixed or other, 1% as Asian American, and 1% as Latino/a. Six percent of the sample identified as being Hispanic.
Procedures
Data for the present study were collected from 2010 to 2015 as part of an 18-month longitudinal study examining the development of self-injurious thoughts and behaviors among youth [15] in a rural town in the southeastern US. Previously [30] , we have focused on suicidal ideation and behavior. Here we focus on NSSI. Participants were recruited from a wide range of referral sources, including local inpatient units, outpatient facilities, local advertisements, and mass emails to university employees (»60% of eligible individuals enrolled in the study). Inclusion criteria were: female gender; 12À16 years old; caregiver (parent or legal guardian) willing to take part in the study. Exclusion criteria were: active psychosis or any developmental disorder.
At baseline, participants completed a battery of assessments lasting approximately 2 h. Youth were assessed at 3 (91% retained), 6 (88% retained), 9 (91% retained), 12 (84% retained), 15 (84% retained), and 18 (80% retained) months post-baseline. A trained research assistant administered a structured clinical interview at each time point to assess self-injurious thoughts and behaviors. At the 9-and 18-month follow-up assessments, a trained research assistant administered a semi-structured interview assessing interpersonal stress. Hereafter, we refer to the time between baseline and 9 months as Time 1 and the time between 9 and 18 months as Time 2. Missing data rates are presented in Table 1 . All procedures were approved by the university human subjects board.
Measures
Non-suicidal self-injury and suicidal ideation. NSSI and suicidal ideation were assessed with the Self-Injurious Thoughts and Behaviors Interview (SITBI; [31] ) completed with the adolescent at baseline and each follow-up assessment. The SITBI is a structured clinical interview designed to assess the presence or absence and frequency of suicidal ideation and NSSI. The current study focused on the frequency of NSSI ("How many times since the last follow-up did you purposefully hurt yourself without wanting to die?"). For the sensitivity analysis with suicidal ideation, we assessed the frequency ("How many days"), duration ("How long did they last"), and intensity ("How intense were the thoughts") of suicidal thoughts. At each follow-up assessment, participants were asked these questions regarding the previous 3 months. We standardized the responses to each of these questions and combined responses into a severity of suicidal ideation index score. To match the time period covered by the stress assessment described below, we created a summed score across the 3-, 6-, and 9-month follow-ups and the 12-, 15-, and 18-month follow-ups (using censoring for missing data), 1 resulting in two scores for each outcome (i.e., Time 1 and 2). We also included lifetime NSSI frequency as assessed at the baseline interview. The SITBI has strong convergent validity, inter-rater reliability (K = .90), and testÀretest reliability (K = .70) [31] . Chronic interpersonal stress. The Youth Life Stress Interview [32] was conducted with youth to assess their exposure to chronic life stress during Time 1 and 2. This semistructured interview gathers information about the nature and intensity of chronic and episodic stress experienced by youth. This study focused on chronic stress in peer, parentÀchild, and romantic relationship domains.
Trained interviewers asked standardized questions about stressful aspects of peer (e.g., difficulty making/retaining friends, social exclusion, isolation, arguments, fights, exposure to relational aggression, and poor-quality friendships), parentÀchild (e.g., arguments, low trust, and lack of availability), and romantic relationships (e.g., romantic rejection, getting asked out less than peers, having fewer romantic relationships than peers, arguments). In addition to a series of structured prompts, interviewers asked follow-up questions to gain a complete, detailed picture of each youth's degree of chronic stress in each domain.
Interviewers presented narrative information to a team of independent, trained coders who had no knowledge of the youth's history of NSSI or SI or the youth's subjective response to the stress (e.g., felt sad). Coders engaged in group discussions, guided by codebooks with exemplars, until they all arrived at a consensus rating for stress severity, based on the youth's report to the interviewer. Each chronic stress domain over Time 1 and 2 was rated on a 5-point scale: 1 = no stress, 2 = mild stress, 3 = isolated stress, 4 = serious stress, 5 = severe stress. For each interpersonal stress domain, higher chronic stress ratings reflect higher levels of stressful conditions (e.g., significant fights/arguments) and lower levels of positive conditions (e.g., lack of emotional support, fewer positive shared activities). Thus, adolescents with differing profiles (e. g., an adolescent with frequent or intense arguments with romantic partner and an adolescent with frequent unreciprocated romantic interest) may receive a similar score given that overt conflict and social isolation/low-quality relationships may be similarly stressful. To determine reliability, 41 interview narratives were presented to two teams of coders, who gave independent ratings (single measures ICC = .93, average measures ICC = .97).
Pubertal development.
Using the Pubertal Development Scale [33] administered at baseline, girls and their mother rated the adolescent's level of pubertal development on various indicators [body growth spurt, pubic hair, changes in skin (pimples), breast growth, and start of menstruation] using a 4-point scale, "not yet started" (0), "barely started" (1), "definitely underway" (2), "seems completed" (3). Mean scores were computed for girls (alpha = .68) and mothers (alpha = .70) separately (r = .52, p < .001), then averaged together to reflect a composite pubertal development scale.
Data analysis
Descriptive statistics and bivariate correlations were conducted with the SPSS statistical package (IBM SPSS Statistics, version 24.0). Path analysis models were conducted with AMOS (AMOS Statistics, version 24.0). To account for missing data, model testing was First, we examined an initial model that included concurrent relationships among NSSI, peer stress, parentÀchild stress, and romantic stress at Time 1 and each of these variables predicting the same variables at Time 2. Additionally, this initial model included pubertal development (measured at baseline) and interaction terms (N = 4, pubertal development £ each form of interpersonal stress predicting NSSI at Time 2; and pubertal development £ NSSI predicting each form of interpersonal stress at Time 2). This allowed us to examine (a) the reciprocal associations between NSSI and interpersonal stress and (b) whether puberty moderates these reciprocal associations. Second, based on results from our initial model, we tested a more parsimonious model including only significant predictors (Figure 1 ). This model also included baseline NSSI predicting both NSSI during Time 1 and 2. Finally, we tested the sensitivity of our findings by testing two alternative models. One sensitivity model replaced NSSI with suicidal ideation. A second model included suicidal ideation along with NSSI. Following accepted guidelines [35] , predictors were mean centered prior to forming their interaction terms. We probed significant interactions in the reduced model using simple slopes analyses.
Results
Descriptive statistics and bivariate associations
Descriptive statistics are presented in Table 1 . All variables were normally distributed except for frequency of NSSI, which was log transformed for use in all path models to reduce its significant skew and kurtosis. Each Time 1 and 2 variable was significantly, positively correlated with itself. Pubertal development was associated with higher Time 1 parentÀchild stress and NSSI and higher Time 2 romantic stress. Time 1 NSSI was significantly associated with higher Time 1 and 2 peer stress and higher Time 2 parentÀchild and romantic stress. We retained romantic stress in the reduced model.
Reduced model
The reduced model (Figure 1 ) provided excellent fit to the data, 3 The simple slopes analysis revealed that Time 1 romantic stress predicted higher Time 2 NSSI only for girls more advanced in pubertal development, slope = .07, p = .045. Further, Time 1 romantic stress predicted significantly lower Time 2 NSSI for girls less advanced in pubertal development, slope = ¡.08, p = .01 (see Figure 2) . Consistent with hypotheses, the cross-lagged relationship between Time 1 NSSI and greater Time 2 romantic stress was significant, b = .17, p < .05. 4 However, this relationship was not moderated by puberty.
Sensitivity analyses/alternative model
Sensitivity models were examined to determine whether results were relevant to self-injury more generally, or specifically to NSSI by examining suicide ideation in two ways. The first sensitivity model that replaced 
Discussion
The purpose of this preliminary study was to examine the reciprocal association between interpersonal stressors and NSSI in a multi-wave study of adolescent girls. Results partially supported our hypotheses and suggest that NSSI is associated prospectively with romantic and parentÀchild stress. Further, romantic relationship stress was associated with later NSSI among girls more advanced in pubertal development.
Romantic stress was uniquely associated with risk for NSSI in the context of advanced pubertal development. Our initial model included all forms of interpersonal stress, but only romantic stress emerged as a significant predictor of NSSI. Previous studies with youth have rarely included chronic stress across multiple domains in the same model, and in particular, studies have neglected romantic stress as a predictor of NSSI. However, these results are consistent with findings from adult samples, which show significant associations between romantic stress and NSSI [36] . Although we found a concurrent correlation between Time 1 peer stress and NSSI, it is surprising that peer and parentÀchild stress did not independently predict Time 2 NSSI. In the current analyses, Time 1 and 2 each included information collapsed over a 9-month period. It is possible that a more fine-grained assessment schedule of both NSSI and stress would reveal stronger associations between peer and parentÀchild stress and NSSI. Given research documenting significant associations between peer and parentÀchild stress and NSSI [15] , our findings should be replicated in future studies.
Our findings suggest that the contribution of romantic stress to NSSI is best understood in the context of pubertal development. Specifically, romantic stress predicted higher subsequent NSSI among girls with more advanced pubertal development but lower subsequent NSSI among girls with less advanced pubertal development. This finding can be understood in terms of a social-contextual model, which suggests that puberty amplifies the associations between stress and maladjustment [37] . For example, experiences of family stress and exposure to maternal depression more strongly predicted subsequent depression among youth with more advanced pubertal maturation [38] . It is also possible that more physically advanced girls are drawn into romantic relationships without adequate socioemotional skills, such as positive coping or cognitive reappraisal, to handle romantic stress [39] . Our results are consistent with these perspectives, suggesting an interplay between social contexts and physical vulnerabilities contribute risk for NSSI. This pattern highlights an exciting potential for future research to explore risk factors for NSSI within a dynamic, multilevel framework.
We also found that NSSI predicted subsequent stress in romantic and parentÀchild relationships. This finding is consistent with a recent study in which NSSI at baseline predicted stressful interpersonal life events across 6 months for adolescent females [25] . Research within a developmental psychopathology framework views the association between interpersonal stress and psychopathology as a transactional process, consistent with a recent cognitive neuroscience model of NSSI offered by Liu [40] . A portion of this model suggests that NSSI becomes fixed through operant conditioning [6, 40] wherein NSSI temporarily relieves distress from romantic stress but contributes to future romantic stress and subsequent NSSI. Future research with a larger sample and more assessment waves would allow for in-depth exploration of the reciprocal effects of NSSI and interpersonal stress.
There are important clinical implications of our findings, which highlight that romantic stress is risky for girls with more advanced pubertal development, thus warranting careful assessment and monitoring in this group. Furthermore, helping youth find alternative, healthy coping skills rather than NSSI may have some beneficial downstream effects on subsequent interpersonal stress.
The strengths of this study include a rigorous assessment of interpersonal stress by an independent team of coders, clinical interviews, and the use of a longitudinal, multiwave design. Nevertheless, our findings should be replicated with studies addressing some limitations. First, our study assessed chronic interpersonal stress at two timepoints using a retrospective approach. Although this is a significant improvement upon self-report checklists, future work would benefit from more frequent assessments to counteract recall bias and to enable an examination of trajectories of stress over time. Although youth with incomplete data on the life stress interview at Time 2 did not significantly differ on Time 1 variables, 31.8% of the sample did not complete this time intensive interview at Time 2, suggesting that caution is needed in interpretation until results are replicated. Second, our assessment of pubertal development was limited to baseline. Repeated assessments of puberty would help identify specific periods of development that confer the greatest risk and would allow estimation of whether pubertal tempo serves as a potential risk or protective factor. Third, our sample included only females with increased clinical risk. It is unclear how our findings would generalize to males or a community-based sample.
Our findings encourage research that examines the reciprocal association between NSSI and interpersonal stress within the context of pubertal development. Romantic stress was associated with future NSSI among those more advanced in pubertal development, and NSSI was associated with increases in stress. Broadly, our results underscore the dynamic interplay between commonly purported risk factors for NSSI.
